in one patient in whom the tumour was resected with the digital nerve. No recurrence or muscle atrophy was noted at the latest follow-up. Conclusion. Meticulous dissection with magnification can achieve complete tumour removal without neurological loss or recurrence. Intracapsular tumour removal provides good results with a low complication rate.
INTRODUCTION
Primary neural tumours of the hand and upper extremity are rare and represent less than 5% of soft-tissue neoplasms of the upper extremities; neurilemmomas are the most common primary solitary tumours among peripheral nerve tumours. [1] [2] [3] [4] Neurilemmomas usually grow slowly and appear as painless swellings for several years before being diagnosed. 1, 5, 6 They may grow up to 4 cm in size, before symptoms arise due to nerve compression. 1, 7, 8 They are mostly located on the flexor surfaces of the extremities, and the upper extremities are twice as likely to be involved as the lower limbs. 1, 8 Neurilemmomas are mobile in a plane transverse to the course to the nerve, but immobile in the longitudinal plane. 8 They usually occur in patients aged 30 to 60 years and have no race or sex predilection. [7] [8] [9] Neurilemmomas originate from the cells of the Schwann sheath and, thus, are also called schwannomas. They arise within the nerve sheath and are surrounded by a true capsule consisting of epineurium. 8 Neurilemmomas are usually solitary, but multiple tumours have been reported. 7, 8, [10] [11] [12] The treatment of choice is extracapsular or intracapsular removal under magnification. 4, 9, [12] [13] [14] [15] Nonetheless, in very large, long-standing schwannomas involving the distal digital area, a simple debulking or a nerve reconstruction after resection can be applied. 1, 9, 13 The aim of this study was to review the long-term results of 14 histopathologically confirmed cases of schwannoma of the hand and wrist.
MATERIALS AND METHODS
Between 1963 and 1998, 14 patients (8 female and 6 male) with histopathologically confirmed schwannoma were operated on in Ege University Hospital, Izmir, Turkey and available for follow-up.
All operations were performed under loupe magnification and microsurgical dissection. The epineurium was longitudinally incised and the uninvolved nerve fibres that splayed around the tumour were dissected and retracted extracapsularly. Nerve fibres entering and exiting the mass were isolated. The capsule, consisting of epineurium and residual nerve fibres, was incised longitudinally and the tumour was enucleated. Subsequent capsular removal was not performed. Tumours at the palm and wrist levels were removed without damaging the remainder of the nerve. However, in patient 13's palmlevel tumour, a large nerve fascicle was entrapped in the mass and had to be resected with the tumour (Fig.) . The nerve was then repaired primarily under microscope magnification. Enucleating the mass without nerve damage was more difficult when the tumours were at the digital level. In patient 12, the mass was resected with the digital nerve because of the distal location.
At the latest follow-up, patients were asked if they had any residual symptoms such as pain, paraesthesia, or weakness, and were examined for any recurrence, lump, or residual neurological loss. Sensory testing of light touch and pain was carried out using cotton wool and pin. The sensory level of the operated side was compared with the normal side. Sensory level was classified as: anaesthesia (no sensation), hypoaesthesia (less than normal side), and normal. No instrumented sensory testing or scoring system for sensory measurement was used.
RESULTS
The mean age of the patients was 38.4 years (range, 11-78 years), and the mean follow-up period was 12.6 years (range, 3-36 years). The dominant hand was involved in 10 patients. Patients 1 and 7 had been treated elsewhere and were referred to our hospital due to recurrence. The mean interval between the onset of symptoms and excision was 25 months (range, 3-60 months).
The presenting symptom of all 14 patients was a palpable mass. Spontaneous pain or pain after working was noted in 4 patients, hypoaesthesia in 7, and both in 2. Tinel's sign was positive in 10 cases. 11 of the 14 patients had at least one preoperative symptom such as pain, Tinel's sign, or paraesthesia (Table) . The size of the tumours varied between 5 mm and 7 cm in diameter.
Ten of the tumours were located in the median nerve distribution and 4 in the ulnar nerve distribution. There were 4 tumours at the wrist level (3 median, 1 ulnar), 3 at the palm level (2 median, 1 ulnar), and 7 at the digital level (5 median, 2 ulnar; 3 in the index finger) [Table] .
Only 5 patients were correctly diagnosed preoperatively. The others were misdiagnosed with ganglion, fibroma, xanthoma, or lipoma. Ultrasonography was
Figure
Schwannoma of the median nerve in patient 13: nerve fascicle (arrow) entrapped in the mass is resected and repaired.
performed in patients 6 and 8, but only patient 8 was correctly diagnosed preoperatively.
In the early postoperative period, hypoaesthesia in the distribution of the nerve was noted in 7 patients (Table) . Hypoaesthesia was more frequent with tumours located at the palm and wrist areas than with those in the digital area. Neurological loss in 6 patients was recovered in 3 to 9 months. Only patient 12, in whom the tumour was resected with the digital nerve, still complained of constant hypoaesthesia, 17 years postoperatively.
At the final follow-up, no recurrence or muscle atrophy was observed, and Tinel's sign was negative in all patients.
DISCUSSION
Schwannomas are rare tumours, but they are the most common primary neural tumours of the hand and wrist. 14 reported 104 solitary peripheral nerve tumours from a primary catchment population of 250 000, from 1959 to 1990. In their series, 30 (29%) of the tumours were located in the hand and wrist.
The onset of symptoms is usually associated with location rather than size of the tumour as symptoms of neural compression arise with growth of the mass. The reported interval between onset of symptoms and surgery has varied from a few months to 37 years. 1, 5, 7, 9, [12] [13] [14] In this study, the shortest interval was 3 months and the longest 5 years: patients with tumours located in the digital area presented earlier than those with tumours in the wrist and palm areas. Although painless schwannomas have been reported, spontaneous pain or pain after working, paraesthesia, and motor weakness were the main complaints of our patients. Tinel's sign was positive in 10 patients. The incidence of dysaesthesia on percussion varies but has been reported to be as high as 99% in schwannoma cases. 1, [7] [8] [9] 16 Because the recurrence and malignant transformation rates of schwannoma are low, simple removal of the tumour after careful dissection is recommended. 2, 4, 7 The use of Loupe or microscopical magnification is advised to avoid damaging the nerve fibres during epineural and endoneural dissection. The technique of tumour removal and the definition of enucleation differ among authors: some recommend tumour removal or enucleation but do not recommended enucleation, but they removed the tumour with its capsule. Donner et al. 15 recommended extracapsular excision and demonstrated good results. We incised the capsule and removed the mass (enucleated the tumour) intracapsularly, as in other series. 9, 12 We believe that the risk of neural damage is lower with intracapsular enucleation. Nonetheless, tumour removal without damaging any nerve fibres does not seem possible.
Sensation or function may be temporarily impaired after surgery because of dissection and retraction, but should return after a period of months to years. 1, 2, 4, 7, 18 Enucleation of the tumour was easily performed in 12 patients in this study. In patient 13, however, a large nerve fascicle was entrapped in the tumour and was resected and repaired primarily. Sensation in this patient was normal at the latest follow-up. The repair of resected nerve fibres in schwannoma is controversial. Sturzenegger et al. 19 reported 6 cases in which one or more fascicles disappeared in the schwannoma and required resection. They reported no additional neurological deficit after resection. Donner et al 15 stimulated the nerves entering the fascicle and recorded the action potentials across the tumours, resecting fascicles that did not transmit nerve action potentials. Holdsworth 1 reported repairing the excised gap with sural nerve grafts and achieving a good result. Artico et al. 9 also reported resection and repair of some nerve fibres in 16 schwannoma cases, but did not mention the results. It seems impossible to avoid injury to invisible nerve fibres or nerve fibres scattered between the epineurium and capsule over the schwannoma when incising over the membranes, even under magnification or with microsurgical dissection. 12 In patient 12 of this study, the tumour was resected because of the distal location and the difficulty in enucleation. Repair of the nerve was not attempted because the tumour was located on the radial site of the little finger, the less important section of its sensory area. The patient remained to have loss of sensation at the latest follow-up, 17 years after surgery. Therefore, if possible, nerve repair should always be attempted after any resection. Resection without repair should not be used in the more proximal lesions due to the possibility of persistent and disabling postoperative neurological deficits.
Recurrence of schwannoma after surgical excision is rare. 4, 8, 15, 17 Recurrence has been seen in different areas of the nerves of the same extremity, but not in operated sites. 9 Rosberg and Ekerot 17 reported a recurrence of multiple schwannomas in the same upper extremity even after 2 multiple tumour removals. In our series, patients 1 and 7 were recurrent patients who had undergone tumour removal in another hospital. The recurrence may have been due to incomplete tumour removal or misdiagnosis of multiple tumours as solitary. The patients have had no further recurrences after 19 years and 11 years of follow-up, respectively.
Because these tumours are slow-growing, soft in consistency, mobile in nature, and sometimes painless, they are sometimes misdiagnosed as lipoma, fibroma, ganglion, or xanthoma. 6, 7 In a series of 88 pathologically confirmed peripheral nerve tumours, preoperative diagnosis of schwannoma was made correctly in only one case.
14 Holdsworth 1 suspected 5 of 18 cases to be types of neural tumour. Similarly, White 8 reported a correct diagnosis of schwannoma in 5 of 32 pathologically confirmed schwannoma patients. Phalen 2 reported a 31% rate of correct diagnosis for upper-extremity schwannomas. Hems et al. 20 reviewed 14 cases with peripheral nerve tumours and preoperatively diagnosed 7 schwannomas out of 10. In our series, 5 of the 14 cases were accurately diagnosed: 4 located in the palm and wrist areas and one in the digital area. Tinel's sign should be positive in patients with non-neural soft-tissue tumours located near and compressing any peripheral nerve. Ten of our patients had positive Tinel's signs, but we correctly diagnosed only 5 cases because of the rarity of schwannoma and the possibility of other common soft-tissue tumours.
Accurate preoperative differential diagnosis of schwannoma from solitary neurofibroma is important. In contrast to schwannomas, solitary neurofibromas grow intraneurally and infiltrate the nerves, potentially requiring resection of all or part of nerves producing a nerve deficit. There are no distinct criteria to accurately differentiate these tumours clinically. However, ultrasonography can be used for differential diagnosis of soft-tissue tumours of the extremities. Schwannomas appear as sharply delineated, hypoechoic, and homogenous masses with posterior acoustic enhancement sonographically. 21 Continuity of the mass with a nerve is also helpful in differentiating neural tumours from other soft-tissue masses. 22 Hoglund et al. 23 reported a 59% rate of correct diagnosis for nerve tumours using ultrasonography as the first diagnostic alternative, but they could not statistically differentiate schwannomas from other nerve tumours. Fornage, 24 in a study using highresolution ultrasound, reported that only 50% of schwannomas had typical distal sound enhancement, while 75% had well-defined contours. Hughes and Wilson 25 examined 3 different kinds of tumours (neurofibroma, neurofibrosarcoma, and schwannoma) and found similar hypoechoic masses with distal sound enhancement. They emphasised that neural-originating soft-tissue tumours may present with sonographic appearances suggestive of fluidfilled cysts. Similarly, Kececi et al. 6 reported a case of giant schwannoma preoperatively diagnosed by ultrasonography and magnetic resonance imaging (MRI) as a cystic lesion. Although ultrasonography is not 100% accurate in differentiating neural tumours from other tumours, or differentiating different kinds of neural tumours from each other, it is a cheap and quick technique that can be used as an initial imaging modality. Its diagnostic accuracy also increases with clinician experience. 26 We have used ultrasonography for 5 years achieving a 50% rate of correct diagnosis.
MRI can be used in the differential diagnosis of soft-tissue tumours. Despite being expensive, MRI is accurate in locating the tumour, defining its origin, and showing the neurovascular structures. Peripheral nerve tumours are isointense to muscles on T1-weighted images, hyperintense to subcutaneous fat on T2-weighted images, and moderately hyperintense in proton-density images. 7, 11, 16, 18, 20 The detection of a capsule as a low-intensity rim along the margin of the tumour, or a situation in which the nerve is at the periphery of the lesion, can be used in differentiating schwannoma from neurofibroma. However, the presence of encapsulated neurofibromas has also been reported in up to 30% of cases. 7, 15, 19 MRI is unable to specifically differentiate schwannomas from neurofibromas; it can only confirm the preoperative diagnosis and aid in operative planning. 20 Neither MRI nor ultrasonography is 100% accurate in differentiating neurofibroma from schwannoma. Nonetheless, MRI is useful in detecting multiple schwannomas that are not clinically apparent.
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CONCLUSION
Schwannoma, the most frequent neural tumour of the hand, can be safely resected. Intracapsular removal of the tumour can be performed with minimal damage to the nerve fibres. Awareness, thorough history taking, and physical examination are important in a correct diagnosis of schwannomas, and MRI and ultrasonography are helpful diagnostic modalities despite not being 100% accurate. With microsurgical dissection and intracapsular tumour enucleation, surgeons can achieve complete tumour removal without neurological loss or recurrence.
